Objectives/Hypothesis: Prior studies have observed a high prevalence of psychosocial distress, including depression, in patients with voice problems. However, these studies have largely been performed in care-seeking patients identified in tertiary care voice clinics. The objective of this study was to examine the association between depression and voice problems in the U.S. population.
INTRODUCTION
Voice disorders are common, with a lifetime prevalence of 29%, 1 and costly, with an annual estimated $2 billion U.S. cost in lost work productivity. 2 Among patients who seek care at specialty voice centers, psychosocial distress (e.g., depression, anxiety) is prevalent and severe. [3] [4] [5] [6] [7] [8] However, it is unknown whether this association is limited to care-seeking adults.
Using data from the National Health Interview Survey (NHIS), which reports information about the health of the civilian noninstitutionalized U.S. general population, Bhattacharyya reported in 2014 that only 10% of patients who reported a voice problem in the prior year sought care for that voice problem. 9 This indicates that studies completed in the care-seeking population may not accurately represent the status of those who have a voice problem but have not sought or received care. We therefore utilized data from the 2012 NHIS survey, which included a supplement asking about adult voice disorders as well as questions about mental health symptoms, to determine whether the association between mental health symptoms and voice problems was observed in the U.S. population.
Based on previous studies in care-seeking populations, we hypothesized that a concurrent report of depression symptoms would be more common in those reporting a voice problem in the past year than in those reporting no voice problems in the past year. We also hypothesized that concurrent self-reported depression and voice symptoms would be associated with differences in treatment-seeking behaviors and reported treatment effectiveness compared to those without depression symptoms.
MATERIALS AND METHODS

Data Source and Sample
We utilized a population-based cross-sectional analysis of national survey data for adults in the United States using the NHIS. In the 2012 cycle of the NHIS, a supplement was contained within the survey specifically pertaining to adult voice, speech, and language disorders, with specific questions related to voice problems. The NHIS also includes questions about depression in the Quality of Life supplement (administered to approximately one-quarter of sample adults). The NHIS data were obtained from the Integrated Health Interview Series (IHIS), a web-based data resource containing NHIS data. 10, 11 The complex, multistage probability sampling used by the NHIS incorporates stratification, clustering, and oversampling of some racial subpopulations (Black, Hispanic, and Asian). In order to account for this complex sample design, the NHIS provides sampling weights to produce representative estimates of a total weighted sample. 12 The unweighted sample size for this study was 7,708 persons, representing a total weighted sample of 52,816,364. Because these data are available to the public in a deidentified format, this study was exempt from institutional review board review.
Measures
The outcome of interest for this study was depression within a representative sample of the U.S. population with voice problems. We used responses to the question, "During the past 12 months, have you had any problems or difficulties with your voice?" to identify NHIS respondents who reported having a voice problem or difficulties with voice in the past year. The question solicited information on problems such as hoarseness, raspy, or strained voice, or difficulty speaking loud enough to be heard. We assigned the IHIS variable "Voice problem past 12 months" a binary response, with yes indicating the response, "Yes, I have a voice problem," and no indicating the response "No, I do not have a voice problem."
We used responses to the question "How often do you feel depressed?" to identify survey participants who reported feeling depressed. We created a binary depression variable and coded responses "Yes, I am depressed" (daily, weekly, monthly, a few times a year) as positive and negative for the response "No, I am not depressed (never)." It is important to note that this was based on self-report, not a formal Diagnostic and Statistical Manual of Mental Disorders-IV diagnosis. To avoid introducing bias related to our own opinions about what frequency of depression symptoms would be meaningful, and because the question did not specify duration or severity of depression symptoms, we were inclusive in defining this depression symptoms variable. Symptom scale measures were not available for this sample. Additional covariates were defined as follows. For race, we used a set of indicator variables for self-reported non-Hispanic Asian; non-Hispanic American Indian/Alaskan Native; nonHispanic Black; Hispanic; and non-Hispanic White. We divided age and educational attainment into categories shown in Table  I . Finally, we defined poverty levels using the NHIS income variable, 13, 14 categorizing respondents as less than or equal 100% of the federal poverty level (FPL), 101% to 199% FPL, 200% to 399% FPL, and 400% or more of the FPL.
Analytic Methods
Bivariate comparisons were used to evaluate how sociodemographic factors and depression were distributed among those with and without self-reported voice problems. We then assessed the extent to which self-report of voice problems was associated with the depression symptoms variable, controlling for age, sex, race, educational attainment, and poverty status using multivariate logistic regression. All analyses were conducted with SAS version 9.3 (Statistical Analysis Software Institute, Cary, NC). Variance estimates were produced using Taylor series linearization. 15 
RESULTS
A total of 8% (4,032,106) of the weighted sample reported a voice problem within the prior 12 months. Most sampled adults reporting a voice problem were female (62%), of working age (ages 18-65) (81%), and/or of White non-Hispanic (74%) race. Bivariate analyses showed important differences in the sociodemographic characteristics of voice problems and of voice problems by depression symptoms, with 52% of the population that reported a voice problem also reporting depression symptoms compared to 35% of the population that did not report a voice problem (P < 0.0001) ( Table I) .
Using multivariate logistic regression, we evaluated the effects of patient and sociodemographic characteristics on the odds of voice problems for U.S. adults (Table  II) . Female gender and white non-Hispanic race were associated with greater likelihood of reporting a voice problem. Unemployed job status was associated with a slightly higher likelihood of reporting a voice problem. When controlling for all other patient factors, reported depression was associated with a nearly two-fold higher likelihood of a reported voice problem (odds ratio 5 1.89, 95% confidence interval [CI] 5 1.21-2.96).
Voice Problem Diagnoses Among Adults With Depression Symptoms
Sample adults who received a diagnosis for a voice problem that lasted a week or longer were asked, "What diagnoses or reasons were you told caused your voice problems?" and responses were categorized by the NHIS (Table III) . A high proportion of respondents, both with and without concurrently reported depression symptoms, indicated that "something else" caused their voice problem. Among adults reporting depression symptoms, most reported reflux, allergies, and/or head/neck injuries as voice-related diagnoses. Nondepressed adults most commonly reported vocal nodules/polyps, head/neck cancer, and allergies.
Duration and Severity of Voice Problem and Depression Status
The total self-reported mean number of days with a voice problem was 56 days (standard error [SE] 0.1, 95% CI 54-57 days). When stratified by the presence of depression symptoms, the mean number of days with a voice problem was 55 days (SE 0.67, 95% CI 46-63 days) for adults with depression symptoms and 56 days (SE 0.70, 95% CI 48-65 days) for adults reporting none. Adults who reported a voice problem in the past 12 months for a week or longer were asked, "During the past 12 months, how much of a problem did you have with your voice? (No problem, a small problem, moderate problem, a big problem, a very big problem)." The presence of depression symptoms did not affect the distribution of responses (P 5 0.06), with the majority of respondents describing the voice problem as a small problem and 30% describing it as a moderate or greater problem (Fig. 1) .
Voice Problem Treatment by Depression Status
Sample adults that reported a voice problem in the past 12 months for a week or longer were asked, "During the past 12 months, have you received treatments, therapy, or other rehabilitation services for your voice problems?" Only 3% of adults with depression symptoms reported receiving voice treatment compared to 10% without depression (Fig. 2 ) (P 5 0.02). Adults who reported treatment or rehabilitative services for a voice problem in the past 12 months were also asked, "Did the treatments or other rehabilitation services for your voice problems make your personal or social life better? (yes/no)." Fifty-four percent of adults with depression symptoms reported that voice treatment improved their personal/social life compared to 81% of adults without depression symptoms (Fig. 3) (P 5 0.04).
DISCUSSION
Using U.S. population-based survey data, we observed that self-reported depression symptoms were associated with a nearly doubled likelihood of reporting a voice problem. This suggests that the link between psychosocial distress and dysphonia is not unique to care-seeking populations.
Our findings raise some potentially concerning issues. It has been shown that only a small fraction of people in the general population with a voice problem report receiving care for it. 1, 16 We observed that this fraction was even smaller among those with concurrent voice problem and depression symptoms, although reported voice problem severity was similar between those with and without depression symptoms. This is counter to literature suggesting that depression is associated with greater care utilization in the general population, 17 but concordant with other studies that have identified decreased care receipt in adults with depression. [18] [19] [20] [21] These findings raise the possibility that those with concurrent depression symptoms and voice problems are an underserved population and may face barriers to seeking care for the voice problem; future studies are needed to examine the concordance and timing of depression and voice problems in a more formal way. 1, 22 Among those reporting treatment for the voice problem, those who also reported depression symptoms found voice treatment less effective in improving their personal/ social life, suggesting that depression may be associated with lower treatment satisfaction in this population, as in others. 23 Given the impact of patient satisfaction measures upon reimbursements 24 and the high prevalence of depression in the otolaryngology patient population, 25 this potential association of depression symptoms with lower patient satisfaction is important to recognize. Our findings are consistent with those in other areas, such as treatment of sinusitis 26 and tinnitus, 27 showing that psychiatric distress is associated with greater symptom severity throughout the treatment course.
The presence or absence of depression symptoms was also associated with different voice-related diagnoses. That "something else" was the most common self-reported diagnosis in both groups necessitates caution when interpreting results. However, among identified diagnoses, allergies and reflux were most commonly reported in the depression symptoms group, and vocal nodules/polyps and head/neck cancer most commonly reported in the nondepression symptoms group. These differences seem to suggest that a laryngeal etiology for the voice problem is diagnosed more commonly among those without depression symptoms, although we are unable to ascertain whether these diagnoses were received from a primary care provider, general otolaryngologist, laryngologist, or other specialist. Future studies could investigate associated interesting questions, such as whether those with depression symptoms might be more likely to receive nonspecific voice-related diagnoses, or perhaps less likely to receive specialty care in which they might be given a more specific diagnosis. 28 Although these findings are intriguing, they should be interpreted in the context of several important limitations. First, although patient self-report is critically valuable, this data source did not allow independent assessment or verification via medical or other records, and we did not have the benefit of using a symptom scale to assess severity or duration of depression or the ability to assess for subtypes of depression or concurrent other psychiatric diagnoses. Similarly, no independent data source was available to assess the severity of the voice problem reported by respondents. Second, although studies in care-seeking voice patients have identified a high prevalence of anxiety, [3] [4] [5] and anxiety may influence treatment outcomes in voice, 29 data on anxiety were not available in this sample. Third, these data did not allow us to distinguish between access to care and desire to seek care, nor did they allow us to evaluate why the care received by patients who reported depression was felt to be less effective. Cross-sectional association of voice problems and depression symptoms also does not allow us to comment on causal mechanisms of voice problems and depression symptoms. 30 Despite these limitations, we believe that our findings underscore an important potential relationship that deserves more attention.
The findings presented here highlight the importance of being sensitive to possible concurrent depression symptoms in patients who present with voice problems. These findings also identify a need to effectively reach a potentially underserved population. Further studies, potentially including qualitative and longitudinal approaches, may be helpful to clarify these associations, perhaps laying the groundwork for additional adjunctive treatment approaches to improve treatment outcomes.
CONCLUSION
We observed that self-reported depression symptoms were associated with an increased likelihood of reporting a voice problem in this examination of population-based survey data. Depression symptoms were also associated with more nonspecific voice-related diagnoses, a lower likelihood of reporting treatment of the voice problem, and a lower likelihood of finding treatment beneficial. The broader relationship between depression and voice problems remains complex, suggesting a need to identify specific factors that could be targeted to improve clinical and mental health outcomes for people with voice problems.
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